Two new cyclohexadepsipeptides have been isolated from the fungus Isaria. Fungal growth in solid media yielded hyphal strands from which peptide fractions were readily isolable by organic-solvent extraction. Two novel cyclodepsipeptides, isaridin A and isaridin B, have been isolated by reverse-phase HPLC, and characterized by ESI-MS and 1 H-NMR. Single crystals of both peptides have been obtained, and their 3D structures were elucidated by X-ray diffraction. The isaridins contain several unusual amino acid residues. The sequences are cyclo(b-Gly-HyLeu-Pro-Phe-NMeVal-NMePhe) and cyclo(b-Gly-HyLeu-b-MePro-Phe-NMeVal-NMePhe), where NMeVal is N-methylvaline, NMePhe N-methylphenylalanine, and HyLeu hydroxyleucine ( 2-hydroxy-4-methylpentanoic acid). The two peptides differ from one another at residue 3, isaridin A having an (S)-proline at this position, while b-methyl-(S)-proline ( (2S,3S)-2,3,4,5-tetrahydro-3-methyl-1H-pyrrole-2-carboxylic acid) is found in isaridin B. The solid-state conformations of both cyclic depsipeptides are characterized by the presence of two cis peptide bonds at HyLeu(2)-Pro(3)/HyLeu(2)-b-MePro(3) and NMeVal(5)-NMePhe(6), respectively. In isaridin A, a strong intramolecular H-bond is observed between Phe(4)CO ¥¥¥ HNb-Gly(1), and a similar, but weaker, interaction is observed between b-Gly(1)CO ¥¥¥ HNPhe(4). In contrast, in isaridin B, only a single intramolecular H-bond is observed between b-Gly(1)CO ¥¥¥ HNPhe(4).
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Introduction. ± According to Bennett and Bentley, −secondary metabolism represents the splendid, idiosyncratic diversity of nature, endowing different species with specific solutions to biological problems× [1] . Secondary metabolites are organic compounds of relatively low molecular mass produced by many actinomycetes, fungi, higher plants, and a few prokaryotes. The distinction between primary and secondary metabolic processes has been the subject of debate [1] [2] . According to Verpoorte×s definition, −secondary metabolites are compounds with a restricted occurrence in taxonomic groups, that are not necessary for a cell (organism) to live, but play a role in the interaction of the cell (organism) with its environment, ensuring the survival of the organism in its ecosystem× [2] . They are generally produced by specific taxa during the later or stationary phase of growth. Secondary metabolites produced by organisms have found various industrial applications, e.g., as therapeutic agents, flavoring agents, coloring agents, odoring agents, antibiotics, etc. [3] . Recent interest in isolating and characterizing new secondary metabolites has grown with the recognition of their great importance in biotechnological applications. Fungi are an excellent source material for organic molecules of unusual structure and composition. Screening of previously lessoften-investigated genera and species for novel molecules has intensified globally.
Hyphomycetous fungi, which are characterized by abundant conidia formation and lack a dominant sexual cycle, are attractive targets for screening programs to discover novel metabolites of value. Species of Aspergillus, Penicillium, Acremonium, and Fusarium are among the most-often-investigated, and several valuable secondary metabolites and enzymes with commercial applications have been discovered in these genera of fungi [4] . In the present study, we used a species of Isaria isolated in pure culture, for the purification of novel peptides from its sporulating structures that are differentiated en masse after a period of vegetative growth.
Isaria belong to the group of hyphomycetes and are characterized by their mycelia growing rapidly on conventional mycological media. In the strain studied by us, the sporulation occurs in the form of numerous synnemata consisting of closely compacted hyphal strands, growing erect from the basal mycelial colony and bearing numerous unicellular small round spores.
Results and Discussion. ± Isaria grown on a solid medium yielded a luxuriant harvest of hyphae (Fig. 1, inset) . MALDI Mass spectral analysis of the hyphae, directly spotted along with the matrix on a target plate, yielded a spectrum in which two signals at m/z, 705 and 744 were predominant (Fig. 1) . In addition, mass peaks in the range 550 ± 4000 were also obtained. Under these conditions, low-molecular-weight substances (less than 600 Da) may be obscured by matrix peaks. Inspection of the pattern of peaks at m/z 720 and 744 suggested that these signals corresponded to [M H] and [M Na] species, respectively, given the fact that the MALDI-MS signals were not very accurate (AE 2 Da). The high intensity of the peaks at m/z 705 and 720 was suggestive of hydrophobic molecules abundantly present on the cell surface, which are readily ionized in the matrix plume after laser irradiation. The signals at m/z 637 and 593 corresponded to already characterized cyclic pentadepsipeptides isolated from Isaria felina [5] [6] . The high abundance of previously unreported metabolites prompted us to undertake their isolation and characterization.
In Fig. 2 , an HPLC trace of the hyphal extract obtained by triturating dry hyphal powder with an organic solvent (EtOH, MeOH, or CHCl 3 ). Several components were resolved, and ESI-MS analysis permitted assignment of the molecular masses indicated. A comparison of HPLC peak intensities (UV detection at 226 and 254 nm) revealed the presence of strongly absorbing aromatic groups in the compounds corresponding to the metabolites with the masses 704 and 718 Da ([M H] ). HPLC Purification readily yielded pure samples of both metabolites.
In Fig. 3 , the 500-MHz 1 H-NMR spectra of the two isolated metabolites are shown, which immediately established their peptidic nature, as evidenced by the presence of amide NH resonances and the characteristic patterns of amino acid spin systems. Interestingly, only two NH resonances were observed in each case, suggesting the presence of either hydroxy acid or N-alkylated residues. The two intense s at d H 3.02 and 3.14, found for both peptides, are indicative of the presence of two N-methylamino acids. The NMR spectra of the two peptides showed a great deal of similarity, with one major difference; the metabolite with mass 718 Da ([M H] ) gave rise to a d at d H 1.06 due to a CHÀMe group, which was absent in the metabolite with m/z 704 ([M  H] ). This suggested that the metabolites differed only by the presence of a single Me group at an aliphatic C-atom in the 718-Da peptide, consistent with the mass difference 491 Fig. 1 . MALDI Mass spectra of hyphae of Isaria in the range of a) 500 ± 1000 Da, and b) 500 ± 7500 Da. The hyphae were directly spotted onto a plate and irradiated.
The inset shows hyphae growing as whitish, threadlike structures. of ca. 14 Da. Further analysis of the NMR spectra are described subsequently. Molecular Structures of Isaridin A and B. In Fig. 4 , a view of the molecular structures of the two isaridins, as determined by single-crystal X-ray diffraction, is shown. Isaridin A is a cyclic depsipeptide containing a single hydroxy acid: the leucine analog 2-hydroxy-4-methylpentanoic acid (HyLeu). The amino acid sequence is cyclo(b-Gly-HyLeu-Pro-Phe-NMeVal-NMePhe) (Fig. 4, a) . Notably, the peptide contains two N-methylated residues, Val(5) and Phe(6), and one b-amino acid residue, bglycine 1 ).
Isaridin A has a proline residue in the 3-position, while in isaridin B, this is a bmethylproline (3-methylproline) residue, i.e., the sequence is cyclo(b-Gly-HyLeu-bMePro-Phe-NMeVal-NMePhe. The configuration at the a-C-atom is (S), with the bMe group being anti (trans) relative to the amide CO group (Fig. 4, b) . An unusual feature of the isaridins is the presence of a large number of modified residues in the sequence. In isaridin A, four out of six residues are nonproteinogenic: two N-methyl residues, one b-residue, and one a-hydroxy acid. Isaridin B possesses, in addition to these, even a b-MePro residue. The constitution of the isaridins may be The presence of b-MePro ( (2S,3S)-2,3,4,5-tetrahydro-3-methyl-1H-pyrrole-2-carboxylic acid) in isaridin B, established in the present study, is particularly noteworthy. The assignment of the configuration is based on the l-configuration assumed for the other amino acid residues. The b-MePro residue has been observed in several natural products, including roseotoxin B (Trichothecium roseum) [8] , roseocardin (Trichothecium roseum) [9] , paraherquamide A (Penicillium paraherquei) [10] , and asperparaline (Aspergillus japonicus) [11] . The configuration of the b-MePro residues in these examples is (S), however, the (R)-form occurs in bottromycin A 2 (Streptomyces bottropenis) [12] and polyoxypeptin (Streptomyces sp.) [13] . The configuration of the b-MePro residue in destruxin A 5 (Aschersonia) [14] has not been established. The biosynthetic origin of b-MePro in paraherquamide, a potent anthelminthic alkaloid, has been extensively investigated by the Williams group at Colorado, and strong evidence for Ile as the precursor of b-MePro, biosynthesized via oxidative cyclization, has been presented [15] . An alternative route involving direct methylation of Pro with S-adenosylmethionine has been suggested for bottromycin [16] . The presence of related isaridins that possess both Pro and b-MePro residues is suggestive of a biosynthetic origin that involves direct Pro methylation.
Conformation of Cyclic Depsipeptides. In Fig. 4 , the depsipeptide (backbone) conformations of isaridin A and B are shown. The backbone torsion angles and the Hbond parameters are summarized in Tables 1 and 2 (6)]. The change corresponds to different tilts of the peptide unit connecting residues C(1 a ) to C(6 a ) in the cyclic systems. This is clearly seen in Fig. 5 , which shows a superposition of the two peptide structures, a) with, and b) without side chains.
In the canonical structure of all-trans cyclic hexapeptides, two opposing b-turns are linked on either side by single residues adopting extended-strand conformations [17] [18] . The isaridins provide examples, where the turning segments have the central peptide unit in the cis conformation, analogous to type-VI turns, which have been Fig. 5 . Superposition of a) the molecular structures, and b) the backbone structures of isaridin A (grey) and isaridin B (black), as determined by X-ray diffraction. Note the conformational differences between the two peptides for f 1 (b-Gly (1)) and y 6 (NMePhe (6)). The r.m.s.d. value for the C a -atoms was 0.271 ä. defined for proteins [19] . Crystals of both peptides contain H 2 O molecules, which assist the peptides assembling into sheets (Fig. 6 ). These assemblies of isaridin A and B have much in common. In each crystal, rows of the cyclic peptide molecules are linked in two-dimensional (2D) arrays by H-bonds to H 2 O molecules. One difference concerns the conformation about the N(1)H moiety, which results in different H-bonding. In isaridin A, N(1)H forms an interior cross-ring N(1)H ¥¥¥ O(4) H-bond, whereas in isaridin B N(1)H is directed outwards, forming an additional H-bond to the H 2 O molecule W2 (Fig. 6) . Another difference is that in the crystal of isaridin B the peptide molecules are repeated simply by translation (triclinic space group P1), while in that of isaridin A adjacent molecules in a row are related by a two-fold screw operation (orthorhombic space group P2 1 2 1 2 1 ). NMR Analysis. The isaridins A and B are readily soluble in a variety of organic solvents and give rise to extremely well-dispersed 1 H-NMR spectra in CDCl 3 , as shown in Fig. 7 . Complete assignment of the H-atom resonances was accomplished by means of a combination of gradient COSY, TOCSY, and ROESY spectra. It can be seen from Table 3 that the chemical shifts for the corresponding residues of both peptides are similar, except for Pro(3), where substantial differences are observed.
In Fig. 8 , the COSY spectra of the two peptides are depicted. The presence of the bMePro residue in isaridin B is evident from the connectivities of the resonances at d H 2.57 and 1.06. In Fig. 9 , partial ROESY spectra of isaridins A and B are shown, which established the cis geometry for the peptide HyLeu (5) and NMePhe(6), as anticipated for a cis peptide geometry, could not be clearly detected because of the limited chemical-shift separation of these resonances. Conclusions. ± A strain of the hyphomycete Isaria has been shown to grow rapidly in solid media with hyphal strands developing erect from a basal mycelial colony. Direct mass-spectral examination of the fungal hyphae revealed the presence of several secondary metabolites with masses in the range 550 to 4000 Da. Two major components were isolated and shown to be novel cyclic hexadepsipeptides, named isaridin A and B.
Crystal-structure analysis revealed that these isaridins possess an unusually high number of modified residues. The established sequences are cyclo(b-Gly-HyLeu-ProPhe-NMeVal-NMePhe) for isaridin A, and cyclo(b-Gly-HyLeu-Pro-b-MePhe-NMeVal-NMePhe) for isaridin B. The molecules adopt backbone conformations with two cis peptide bonds in the crystalline state, as established by X-ray diffraction. They differ in constitution from Isaria depsipeptides characterized in earlier studies. Secondary metabolites from Isaria have been previously shown to have insecticidal properties. Despite their abundance in the fungal hyphae of the Isaria strain examined, we have, so far, not found a specific biological activity for these new compounds. According to Bennett and Bentley, −much of the morphological diversity that is the basis of our great taxonomic systems is readily discerned with the naked eye. With the exception of pigments, the chemical diversity expressed in secondary metabolism is less obvious and therefore, perhaps, more mysterious. Yet it, too, represents the beguiling and beautiful manifestations of genotypic differentiation that species have perfected during their evolutionary history× [1] . The biological role of the isaridins, whose biosynthesis undoubtedly requires considerable metabolic investment by the producing organism, certainly merits further investigation.
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Experimental Part
Strain Isolation and Culture for Depsipeptide Production. The Isaria strain was isolated by incubating rat dung in moist chambers. From the developing synnemata, single spore colonies were isolated and maintained in pure cultures on mycological media such as potato dextrose agar or carrot agar. For production of the synnemata in large quantities for extraction, the following procedure was adopted. Peeled potatoes (200 g) and peeled carrots (100 g) were cut into small cubes, boiled in tap water, and blended. Agar (20 g) was added to this mixture, made up to 1 l, and distributed in 200-to 250-ml portions in 500-ml Erlenmeyer flasks. The flasks were plugged with cotton and autoclaved at 15-lbs pressure for 20 min. After cooling and solidification of the agar, the flasks were inoculated with a spore suspension prepared from 10 ± 15-day-old slant culture, and inoculated at r.t. 
